Abstract
Introduction
Investment outlays are the source of fixed assets replacement in agriculture. Investments at farms allow for their modernisation consisting in rational selection of sets of vital machinery, elimination of old facilities that are unnecessary upon introduction of new plant and livestock production technologies (Wójcicki and Rudeńska, 2015) . They ensure achievement of the desired level of technical equipment, on which depends the value of obtained direct margin at farms, according to a research by Kocira (2008) .
Investments in means of agriculture mechanisation are closely linked to the business cycle in agriculture and with the level of agricultural producer income (Wójcicki, 2014; Wójcicki and Rudeńska, 2013 ). Poland's accession to the
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European Union (EU) contributed to better situation of Polish farmers as a result of Common Agricultural Policy (CAP) implementation and triggered the mechanisms of financial support for agriculture under the agri-environmental programmes, including stimulation of activity run under organic systems (Jucherski and Król, 2013) . It also caused higher demand, e.g., for brand new agricultural tractors (Zalewski (ed.), 2013 (Zalewski (ed.), , 2015 . This was followed by higher supply of means of agriculture mechanisation. Among 17 types and type-dimensions of means of mechanisation for which it was possible to calculate supply in 2004, in ten cases national demand in 2013 was higher than in 2004 (Pawlak, 2015) .
Changes in the supply level of respective agricultural machines and in case of tractors -also their registration, measured in pieces, fail to give a full picture of the changes taking place, since in subsequent years both upward and downward trends are visible. Moreover, the direction of the trends is often changing. A synthetic and more comprehensive picture of changes can be achieved from an analysis of changes in the value of investment outlays. However, such analysis is hindered by a lack of a fully objective measure. The value of respective flows of investment outlays at fixed prices should be such a measure. The publications of the Central Statistical Office (Główny Urząd Statystyczny, GUS) give these values at current prices. A measure of this type does not consider progressing price changes, there is then the need to estimate the values of investment outlays in fixed prices in respective years of the period covered by the analysis.
This paper aims at drawing up an estimation method for investment outlays in agriculture in fixed prices and its application to research of changes in the value of such outlays in Poland in 1995-2013.
The scope of works covers three flows of the aforementioned outlays, according to their allocation to creation of resources of fixed assets in agriculture in the form of: − buildings and structures, − machines, tools and technical equipment, − means of transport, including tractors.
Source material and research method
When implementing the aforementioned research objective the paper used GUS data (2002, 2005, 2008, 2011, 2015b) concerning the value of investment outlays in 1995-2013 at current prices. It was necessary to know the price change indices in their respective flows to establish the value of these outlays in fixed prices. For buildings and structures, data on changes in the prices of construction and assembly production were used (GUS 2006 (GUS , 2009 (GUS , 2015a . In order to determine the dynamics of prices of means of transport and other means of agriculture mechanisation the paper uses data from market report published by the Institute of Agricultural and Food Economics -National Research Institute (Zalewski (ed.), 2004 (Zalewski (ed.), , 2005 (Zalewski (ed.), , 2006 (Zalewski (ed.), , 2007 (Zalewski (ed.), , 2008 (Zalewski (ed.), , 2009 (Zalewski (ed.), , 2010 (Zalewski (ed.), , 2011 (Zalewski (ed.), , 2012 Problems of Agricultural Economics 2013, 2014, 2015) , which give values of a comparable set of these means in prices from respective years calculated based on data from GUS research. Over the period covered by the analysis the set of objects covered by GUS research changed, therefore biennial periods were taken into consideration, comparing in these years the same objects. This basis was used to determine the price change indices of a representative set, which for means of transport was formed of tractors and trailers, and for machines tools and equipment -the remaining means of agriculture mechanisation, covered GUS research and meeting the comparability criterion. Based on indices in the system: "previous year = 100", indices referring to the staring year (1995) were calculated using the following equation:
( 1) where: a kr95 -value of the price change index of the k-th category of fixed assets in r-th year with reference to the price of 1995 (%); C kr-1 -value of the price change index of the k-th category of fixed assets referred to the situation in 1995, determined for the year preceding the year for which we determine the value of the index a kr95 (%); C kr -value of the price change index of the k-th category of fixed assets in r-th year with reference to the price of the previous year, calculated for the year for which we determine the value of the index a kr95 (%).
The value of the price change index against the situation of 1995, thus calculated for the flows (categories) of investment outlays covered by the analysis, constitutes grounds for estimation of the value changes of these outlays at fixed prices.
The estimate can be done using the equation:
where: W ircs -value of investment outlays of i-th category of fixed assets in the r-th year, at fixed prices of 1995 (PLN million); W ircb -value of investment outlays of i-th category of fixed assets in the r-th year, at current prices (PLN million).
In case of machines, tools and equipment the number of researched objects in respective periods amounted to ca. 30. Whereas available data on prices of
means of transport concerned only from 2 to 4 objects, and, what is more, these were mainly tractors made in Poland, which starting from 2002 constituted below 50% of the national supply (Pawlak, 2012) , and in 2013 -only 6.3% (Pawlak, 2015) . As regards the means of transport, calculations with the use of the above procedure were made only for the period when the tractors made in Poland were predominant in the delivery structure (1995) (1996) (1997) (1998) (1999) (2000) (2001) . Next, values of investment outlays in this period in current and fixed prices were summed up, and this was used as grounds for determining the value of the index showing the relationship between the value of means of transport at fixed prices to the value of these means at current prices, average for 1995-2001. Multiplying the values of investment outlays on means of transport in current prices in subsequent years of the 2002-2013 period by the value of this index, the value of these outlays at fixed prices was estimated.
In case of investment outlays on machines, tools and equipment it was necessary to make a correction to calculation results as regards 2004. The estimated price growth -caused by covering these means with the value added tax (VAT) -resulted in demand growth in the first fourth months of the period and its drop in the following moths of the year. Consequently, the distribution of sales of machines changed considerably during the year. The demand intensification was usually stronger in the second half of the year than in the first. In the first months of 2004, the amount of sold machines was around four times higher than in the similar period of 2003, while in the next months the sales were lower than in the previous year. However, in total the sales of respective types of means of agriculture mechanisation were in 2004 higher by 50-80% than in 2003 (Zalewski, 2005) . Because of this, the average annual growth in the price of machines in 2004 was lower than that given in Table 2 . Taking this into account, the value of investment outlays on machines, tools and equipment, calculated for 2004 and the next years was increased by 70%.
Correlations between the level of these outlays and the global output, gross value added and final and commercial production of the Polish agriculture along with determination of their descriptive linear functions and relevant determination coefficients were presented graphically.
Research results and their analysis
Investments in agriculture at current prices and price dynamics As compared to the situation of 1995, the value of investment outlays in the Polish agriculture at current prices was higher by 261.1%, including: − buildings and structures -by 375.5%, − machines, tools and equipment -by 359.6%, − means of transport -by 187.1% − technical means in total -by 325.8% (Table 1) . Source: own study based on data from GUS (2002, 2005, 2008, 2011, 2014) .
Problems of Agricultural Economics
Investment outlays on technical means at current prices constituted from 74.9% to 88.7% of total investment outlays in the Polish agriculture. This share showed an upward trend.
In the analysis period price growth concerned: − construction and assembly production -by 128.7%; − machines, tools and equipment -by 289.7%.
The price dynamics of technical means was in general dropping. In case of machines, tools and equipment and means of transport, though, there was a sharp Source: own study based on data from GUS (GUS, 2006 , 2015a and Zalewski (ed.), 2004 , 2013 .
Investment outlays on technical means in agriculture in fixed prices
Compared to the situation of 1995, the value of investment outlays in the Polish agriculture at fixed prices was in 2013 higher for buildings and structure by 107.9%; for machines, tools and equipment by 100.5%; and for means of transport by 98.3%. The total value of investments in technical means of construction, mechanisation and transport in agriculture increased at the time by 103.0% (Table 3) .
In the period covered by the analysis, the dynamics of respective flows of investment outlays was strongly differentiated. The level of investments in agriculture was also affected by the value of agricultural production obtained in respective years. Source: own study based on data from GUS (2002, 2005, 2008, 2011, 2014) .
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Value of agricultural production versus investments in technical means
In 1995-2013, there was a major growth in both respective categories of agricultural production and investments in the area of technical means. Figure 1 assumes respective values in current prices. Fig. 1 . Investment outlays on technical means of production versus the values of selected agricultural production categories in Poland.
Source: own study based on data from GUS (2002, 2005, 2008, 2011, 2014b) .
Correlation between investment outlays on technical means of production and the value of global output of agriculture is positive and strongly pronounced (Fig. 2) . Source: own study based on data from GUS (2002, 2005, 2008, 2011, 2014b) . 
Problems of Agricultural Economics
Also positive, but slightly weaker, is the correlation between the values of discussed investment outlays on the level of gross value added (Fig. 3) . Fig. 3 . Investment outlays on technical means of production versus gross value added of agriculture in Poland.
Correlation of the value of investment outlays on technical means on final production value of agriculture is similar as the relation of the outlays to global output (Fig. 4) . Source: own study based on data from GUS (2002, 2005, 2008, 2011, 2014b) .
The correlation between the value of investment outlays on technical means versus final production of agriculture is also strong (Fig. 5) .
Researching the correlation between the value of agricultural production versus respective flows of investment outlays, global output of agriculture was taken as the reference basis for these outlays because it is correlated with them at the strongest level. Figure 6 gives evidence of strong impact of global output on building investments. Source: own study based on data from GUS (2002, 2005, 2008, 2011, 2014b) . Source: own study based on data from GUS (2002, 2005, 2008, 2011, 2014b) .
Correlation for investments in machines, tools and equipment for agricultural production is less clear (Fig. 7) and the least visible is the correlation for means of transport (Fig. 8) . Source: own study based on data from GUS (2002, 2005, 2008, 2011, 2014b) . Source: own study based on data from GUS (2002, 2005, 2008, 2011, 2014b ).
An analysis of correlations presented in Figures 6-8 showed that although the level of agricultural production is an important factor affecting the value of investments in technical means in agriculture, it is not the only one. Financial means allocated to support for these investments under CAP of the EU are also important. After Poland's accession to the EU, subsidies for modernisation investments under RDP 2007 investments under RDP -2013 were the driving force of the Polish market of agricultural machines and tractors. The value of investments implemented in 2007-2013 under the programme of investments in machines and tractors was estimated by Muzalewski (2015) at PLN 14.6 billion, which constituted ca. 38% of the value of the market of agricultural equipment in Poland at the time. This should explain the less pronounced correlation, especially in case of investments linked to the means of transport (Fig. 8) .
Investment outlays at fixed prices per area unit of arable land and permanent crops and per one farm
The growth in the investment outlays on technical means was accompanied by reduction in the farmed area and a drop in the number of farms in Poland. Growth dynamics of these outlays per area unit of arable land and permanent crops was thus higher than in case of the absolute value of respective investment flows in Polish agriculture and it amounted to: − buildings and structures -185.7%, − machines, tools and equipment -169.2%, − means of transport -162.5%, − technical means in total -by 174.3% (Table 4) . Source: own study based on data from GUS (2002, 2005, 2008, 2011, 2014b) .
Whereas a growth in investment outlays per one farm was as follows: − buildings and structures -209.1%, − machines, tools and equipment -198.9%, − means of transport -194.6%, − technical means in total -by 201.8% (Table 5 ). 
Problems of Agricultural Economics
Conclusions
Correlation between investment outlays on technical means of production and the value of global output of agriculture is positive and strongly pronounced. The highest value of determination coefficient of a linear function describing the correlation was noted for building investments, and the lowest -for means of transport, which include tractors. 
